struggle with the challenge of late presentation to human immunodeficiency virus (HIV) care. [21] [22] [23] However, the length of delays in diagnosis has not yet been thoroughly studied in the China setting. Therefore, the primary aim of this study was to test the hypothesis that the duration of infection at the time of diagnosis has decreased over time from 2008 to 2015 in Dehong Prefecture, Yunnan Province, China. Secondarily, we sought to assess the factors associated with differences in duration of infection.
Methods

Ethical consideration
The study protocol was reviewed and approved by the Institutional Review Board of National Center for AIDS/STD Control and Prevention (NCAIDS), Chinese Center for Disease Control and Prevention (China CDC), with approval code number KX180208497. All individuals signed written informed consent on entry into the Comprehensive Response Information Management System (CRIMS) that allows the future use of their records in epidemiological studies. Therefore, no further consent was required. All records were de-identified before analysis.
Study design and setting
A serial cross-sectional study design was used to examine the differences in durations of HIV infection at the time of diagnosis among new cases in Dehong Prefecture, Southern Yunnan Province, China, from January 1, 2008 to December 31, 2015.
Data source
Data were extracted from China's web-based national database for real-time collection and maintenance of information related to the HIV epidemic. This system, called the HIV/AIDS CRIMS, has been described elsewhere. [24] All confirmed cases of HIV infection require timely reporting to CRIMS, which is managed by the NCAIDS, China CDC. All CRIMS records contain demographic information, self-reported transmission routes, dates of HIV testing, and dates and results of CD4 testing, which are collected during the normal course of routine care in China.
Data collection and inclusion criteria
All records of persons with confirmed diagnoses of HIV infection between January 1, 2008 and December 31, 2015, were extracted from CRIMS and then further screened for study eligibility criteria, which were (1) being ≥13 years of age at the time of diagnosis and (2) having acquired HIV through heterosexual contact, male-to-male sexual contact, or injecting drug use. During the study period, these transmission routes accounted for over 90% of newly diagnosed HIV infections in China. [20] All eligible individuals were included in the analysis.
Estimation of the duration of infection at diagnosis
The regular progression of HIV disease, including the decline in numbers of CD4 + T-lymphocytes in general circulation in the absence of ART, has been well documented, [25] and the mathematical modeling of CD4 depletion has commonly been used to estimate the time delay between HIV infection and diagnosis. [26] [27] [28] [29] The model we used employed the equation given below:
Where t is the duration of infection at the date of diagnosis, and the values for intercepts a i and slopes b i were obtained from a recently published study. [26] T i was the study's main outcome measure -the duration from estimated date of infection to the date of diagnosis. T i for each participant was calculated by:
Statistical analysis
Numbers of newly reported cases overall and by year were tabulated and stratified by baseline participant characteristics. Categorical variables are presented as number and percent, and comparisons were made using Chi-square analysis, generating P values. The duration of HIV infection at the time of diagnosis (T i ) was calculated and expressed in years. Since this outcome was continuous, means and 95% confidence intervals (CIs) are reported. To examine the distribution of durations of infection at the time of diagnosis by diagnosis setting, we constructed histograms with best-fit Gaussian curves. Multiple linear regression analyses were performed to examine the factors associated with longer or shorter durations of HIV infection at diagnosis (T i ). Both univariate and multivariate regressions were performed, and beta values, 95% CIs, and P values are also reported. All P values presented are two-sided, and P < 0.05 was considered statistically significant. All analyses were conducted using the Statistical Analysis System (SAS) software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).
results
A total of 6032 individual records with a date of confirmed HIV diagnosis between January 1, 2008 and December 31, 2015, were screened for study eligibility. However, 132 potential participants were <13 years of age, and a further 33 had reported infection routes other than sexual contact or injecting drug use. These individuals were excluded. Thus, a total of 5867 (of 6032, 97.3%) participants were included in the analysis.
Characteristics of the participants
M o s t p a r t i c i p a n t s w e r e m a l e ( 6 3 . 7 % ) , a g e d 26-45 years (64.7%), Han Chinese (42.2%), and married or cohabiting (57.2%). A majority reported their route of HIV infection as sexual contact (81.0%). The most common diagnosis settings were VCT (27.8%) and hospitals (20.3%; Table 1 ).
Over the 8-year study period, the annual total number of newly diagnosed cases decreased substantially from 1217 in 2008 to 361 in 2015. In more recent years, greater proportions of participants were older (P < 0.001), were Han Chinese (P = 0.013), were unmarried or divorced/widowed (P < 0.001), and reported sexual contact as their route of infection (P < 0.001; Table 1 ).
Duration from human immunodef iciency virus infection to diagnosis
Overall, the mean duration of infection at diagnosis was 6.3 years (95% CI: 6.2, 6.5). The longest durations were observed for participants who were >45 years of age (6.8 years, 95% CI: 6.5, 7.1), were Han ethnicity (6.8 years, 95% CI: 6.6, 7.0), were reported sexual contact as their route of infection (6.8 years, 95% CI: 6.6, 6.9), and were diagnosed in hospital (8.6 years, 95% CI: 8.3, 8.9) or VCT settings (7.2 years, 95% CI: 7.0, 7.5). The shortest durations were experienced by participants who reported their route of HIV infection as injecting drug use (4.6 years, 95% CI: 4.3, 4.8) and were diagnosed in detoxification settings, which included detention centers and reeducation-through-labor camps but did not include methadone maintenance treatment (MMT) clinics (4.3 years, 95% CI: 4.0, 4.5; Table 2 ).
Factors associated with duration of infection
Histograms and best-fit Gaussian curves of the distribution of durations of infection at time of diagnosis by diagnosis setting show that durations were longest among those diagnosed in hospital settings (curve shifted right) and shortest among those diagnosed in detoxification settings [curve shifted left; Figure 1 ].
After controlling for confounding, factors found to be associated with significantly shorter durations of infection at the time of diagnosis were female sex (adjusted beta: −0.37, 95% CI: −0.64, −0.09), injecting drug use infection route (adjusted beta: −1.82, 95% CI: −2.25, −1.39), and any diagnosis setting compared to hospital setting (VCT adjusted beta: −1.31, detoxification adjusted beta: −3.34, premarital checkup adjusted beta: −3.34, partner testing adjusted beta: −3.59, and other adjusted beta: −3.19; Table 3 ). 
dIscussIon
The main finding of our study was a modestly decreasing trend in the duration of infection at the time of diagnosis among new HIV cases in Dehong over our 8-year study period from 2008 to 2015. Factors associated with shorter durations of infection included being female, reporting injecting drug use as the route of HIV infection, being diagnosed in any setting other than hospital, and being diagnosed after 2010.
We found that the mean duration of infection was 6.3 years. After reviewing both domestic and international literature, we have found no other report of this figure in China. However, we have found a study in the United States that reported duration of infection at diagnosis of 7.0 years in 2003 and 5.6 years in 2011, [30] which was similar to our study results.
China has shown great determination in its endeavors to bring Dehong's HIV epidemic under control, providing strong political commitment and consistent financial support from central and local governments. Dehong was given a special epidemic designation in 2004 and thereafter has been directly supported by the China CDC using a special central government AIDS surplus fund of 11 million Renminbi (approximately 1.8 million United States Dollars) per year. Although these special funds were used to fully implement HIV testing and treatment programs, coverage, service quality, and other factors were not consistent across At the end of each, the effectiveness of the HIV response was reevaluated for the purpose of iteratively improving it. As another example, Dehong was selected as a study site for the National Science and Technology Major Project on Prevention and Treatment of Major Infectious Diseases including AIDS and Viral Hepatitis. As a result, from 2008 to 2015, focus on universal testing and treatment was very strong, and many observational studies and interventional trials conducted in this setting strongly influenced HIV testing and treatment services. Taken together, it is possible that these types of changes to HIV services in Dehong over the study period may have been the driver for the moderate decline in the duration of infection at the time of diagnosis observed in our study.
The World Health Organization began recommending PITC in 2007 as a strategy to expand access to HIV-related services. [31] China quickly adopted these recommendations, first introducing HIV PITC the same year, and subsequently scaling it up dramatically. [19] However, our findings show that cases identified in hospital settings were diagnosed significantly later than in any other settings examined, suggesting that perhaps, PITC in China is not working effectively. This observation is consistent with a study by Cheng et al. [21] among newly identified cases in Guangzhou from 2008 to 2013. In this study, individuals diagnosed through PITC had greater odds of late presentation and greater odds of presentation with advanced HIV disease compared to individuals diagnosed through VCT and MHT. Furthermore, in a recently published study by Xie et al., [23] among patients attending a tertiary hospital in Beijing between 1997 and 2012, not only was a consistent majority of patients diagnosed very late but also there was evidence of immunocompromised well before HIV testing was finally performed, demonstrating the failure of the PITC strategy to identify cases in a timely manner. These results suggest that PITC in Chinese hospital settings is not targeted for maximally efficient identification of new infections. Failure of PITC to identify new HIV infections in a timely fashion is not unique to the China setting, and some researchers have called on policymakers to shift the way PITC is targeted, from a symptom-oriented approach to risk group-oriented approach. [32] Interestingly, we found significantly shorter durations of infection among those who reported injecting drug use as their route of infection and among those diagnosed in detoxification settings (i.e., detention centers and reeducation-through-labor camps), where MHT has been enforced since the early stages of China's epidemic. Many of those who were diagnosed outside detoxification settings yet reported injecting drug use as their route of HIV infection may have been diagnosed in the context of MMT. The rapid expansion of China's National MMT Program has clearly had a positive impact on China's dual epidemics of opioid use and HIV infection, and MHT every 6 months for all MMT clients has been important for early detection of new HIV infections in this key population. [20, 33] Development and implementation of improvements to conventional HIV testing strategies (i.e., VCT and PICT) and promotion of new testing strategies (i.e., HIV self-testing) must be a top priority for China's policymakers and public health institutions. However, our results suggest that perhaps expansion of MHT to other settings may be worth considering also. For example, perhaps, MHT for all attendees of STI clinics and hospital departments may be an effective and efficient way to identify new HIV infections earlier. For several years already, China's HIV epidemic has been driven predominantly by sexual transmission. [20, 34] China must take urgent action to help PLWH who are yet unaware of their status -their diagnosis and treatment are of critical importance to individual and community outcomes, as well as national and international epidemic response goals.
This study had several limitations. First, the cross-sectional design precluded us from examining causality. Second, since dates of infection were not available, we had to estimate the durations of infection at the time of diagnosis using a CD4 depletion model, and because of some restrictive assumptions (e.g., the mean square root of CD4 count is linearly related to the time elapsed since infection), durations may have been underestimated. As a result, CIs may not cover the true value with the desired confidence level. Nevertheless, this model has been validated and accepted as a means of generating reasonably accurate estimates of duration of infection at the time of diagnosis. [26, 28] Third, factors affecting delayed diagnosis are complex. Important determinants may have been missing from our dataset and therefore not included in the model. Fourth, the study did not consider HIV subtype because there was no HIV subtype information available for enrolled participants. However, although this factor may have caused some confounding, this effect would have been minor since our population-based study was took into account different stratified populations. Finally, categorization of participants for the infection route variable relied on self-reporting at the time of diagnosis, a mean of 6 years after the infection event. Thus, this variable was likely affected by recall bias, and possibly by social desirability bias, perhaps resulting in under-or over-estimation of the importance of this factor.
Although the duration of infection at the time of diagnosis observed in Dehong did significantly decline over the 8-year study period from 2008 to 2015, the decline was modest and may not have had a meaningful impact on individual, public health, and epidemic level outcomes. As of the end of 2015, an estimated 276,000 PLWH in China were unaware of their status, [35] and China is offtrack for meeting the UNAIDS 90-90-90 Targets. [36, 37] China must do more to encourage early and frequent HIV testing uptake, and PITC testing strategies in hospital settings need to be urgently reevaluated and improved. 
